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Executive Summary

The Macatawa River watershed, which contains the cities of Holland and Zeeland, Michigan, has

experienced the adverse effects of flooding on many occasions.  The Michigan Department of

Environmental Quality (MDEQ) conducted this study using the U.S. Army Corps of Engineers’ Hydrologic

Modeling System (HEC-HMS) to propose possible ways to reduce the impact of flooding in this area.  A

hydrologic model of the watershed is designed to predict flood flows for the Macatawa River using the

current river configuration and land use.  The model is then run with a proposed flood storage area in one

of the upper subbasins of the river.  The flood storage area has a definite impact on reducing the peak

discharge, flood stage, and floodplain expanse during major flooding events.  It is recommended that the

degree of the impact be the subject of further study.  Vegetated buffer areas along the watercourses of the

basin are also identified.  About 30% of the river’s length has some degree of buffering.  Further study is

needed to determine the quality of the various buffer areas.
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I.  Introduction

Over the years, major flooding in the Macatawa River basin has threatened the safety of residents, caused

substantial property damage, and impacted the use of public facilities.  Intense rainstorms have caused

flash flooding in communities along the Macatawa River on numerous occasions.  Major highways,

including US-31 and M-31, have been closed due to flooding.  Records from several past storm events

describe the rescue of persons swept into the river by flood waters.  In June of 1997, a U.S. Coast Guard

helicopter rescued four people off the top of an overturned car stranded in deep water in Zeeland Township.

Eight other people were rescued from other stranded vehicles.  Road washouts and bridge damage were

also reported in 1997 in addition to the disabling of two sewage lift stations which caused sewage backup

at several locations.  Articles from the Holland Sentinel, which describe additional examples of problems

and damage experienced during flood events in the Macatawa River watershed, are located in Appendix C.

The damage due to flooding in developing river basins, such as the Macatawa, is becoming more evident

because of increased human activity along the floodway.  The proximity of structures and inhabitants to

flood waters increases the potential for personal injury and property damage during floods.  In addition,

developed basins have more impermeable surfaces and other land uses that generate higher runoff volumes.

As a result, rivers crest at increasingly higher levels and the impact of flooding becomes more severe.

The flood-related problems in the Macatawa basin highlight the need to study the behavior of this basin

during major storm events.  It is important to know how much runoff is contributed by the uplands and

lowlands of the watershed to fully understand how flooding occurs throughout the basin.  The timing of

how runoff flows from one point to another in the watershed is also crucial.  Computer models are the most

effective means to study the potential impact of a storm before an actual storm occurs.

The hydrologic model is used to evaluate runoff throughout the watershed and estimate flow at locations

along the Macatawa River and its tributaries during major storm events.  The model is also used to analyze

possible flood control measures to reduce the impact of flood waters on developed and agricultural land

areas of the basin.
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Figure 1. Michigan watersheds, showing the location of the Macatawa River watershed

II.  Project Description

The goals of the study are as follows:

1) Construct a hydrologic model of the Macatawa watershed
2) Evaluate potential storage areas to be used for flood control
3) Identify potential buffer areas along the watercourses in the basin

The project serves two main purposes.  First, the hydrologic model generates flood flow and stage data to

predict flood volumes along the course of the Macatawa River and its tributaries.  Second, these data are

used to evaluate flood control measures.
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III.  Description of the Watershed

The Macatawa Watershed straddles the Ottawa/Allegan county line in western Michigan.  The Macatawa

River receives waters from numerous tributaries as it winds westward through the watershed.  The

watercourses traverse predominately agricultural land.  However, the two cities of Holland and Zeeland and

several villages, including Vriesland and Drenthe, are also along the route.  The main branch of the river is

16.8 miles in length.  The river empties into five-mile long Lake Macatawa, which outlets through a short

channel that discharges into Lake Michigan.  The total drainage area of the watershed is 174 square miles,

which is small in comparison to many of the large basins located in Michigan. (See Figure 1.)

            

Figure 2.  General map of the Macatawa River watershed

The shape of the Macatawa River basin is nearly circular.  It is approximately fifteen and a half miles in

length from the eastern upper reaches to Lake Michigan.  The six main tributaries take shape in the upper

reaches of the basin and flow downstream to the central part of the basin to feed the Macatawa River.  All

but one of these tributaries join the Macatawa River upstream of Lake Macatawa.  The Pine Creek

tributary enters Lake Macatawa directly.  These tributaries, as well as the location of USGS Gage No.

410880, formed the basis of the division of the watershed into 10 subbasins.  (See Figure 3 and Table 1.)
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Figure 3.  Subbasins of the Macatawa River watershed

Table 1.  Names and Drainage Areas of the Macatawa Watershed Subbasins

Subbasin
number

Sub-basin
name

Drainage area
size (sq mi)

Basin
outlet

8-1 Upper Macatawa River, 1000 feet
East of 84th Street above tributary

18.5 Macatawa River

8-2 Local inflow above S. Branch
Macatawa River

24.8 Macatawa River

8-3 S. Branch Macatawa River @ mouth 23.4 Macatawa River
8-4 Macatawa River above gage 0.08 Macatawa River
8-5 Local inflow above

N. Branch Macatawa River
1.3 Macatawa River

8-6 N. Branch Macatawa River 18.7 Macatawa River
8-7 Bosch and Hulst Drain 26.1 Macatawa River
8-8 Local inflow above inlet to Lake

Macatawa
19.6 Macatawa Lake

8-9 Pine Creek 17.4 Macatawa Lake
8-10 Lake Macatawa 24.2 Lake Michigan
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IV.  Existing Conditions

The U.S. Army Corps of Engineers’ HEC-HMS1 computer program is used to develop the hydrologic

model.  The hydrologic model calculates the surface runoff that occurs from a particular storm and routes

the runoff through the watershed.  A schematic diagram of the watershed, including the main branch of the

Macatawa River and major tributaries, is shown in Figure 4.  The initial parameter values used for the

HMS model are listed in Table 2.

Figure 4.  Schematic of the Macatawa River watershed
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Table 2.  Parameters used in the hydrologic model and their sources

Parameters needed
for model

Sources of  information Manipulation required

Drainage areas and
watershed
delineations

Arc View data files; outlines of Michigan’s
major watersheds and subbasins with data files
including drainage areas and subbasin numbers.

Import into ArcView; isolate to create
the Macatawa basin

Curve numbers for
subbasins

Soil information: NRCS--SSURGO (Natural
Resources Conservation Service--Soil Survey
Geographic Database); landuse information
from MIRIS/DNR;
basin area from subbasin data files.

Add the soil and landuse data into the
Macatawa ArcView project.  Use the
basin and subbasin data to define areas.
Manipulate table information and add
formulas to generate curve numbers
from soil/landuse values.

Time of
concentration for
each subbasin

Traditional planimeter/digitizer methods for
measuring length and reading elevations from
USGS topographic maps.

Use SCS-92 methods to calculate time
of concentration for the various river
reaches.

Baseflow parameters
for each watercourse
or segment

Standard baseflow values of 1 cfs/sq mi. for
initial baseflow; a recession constant of 0.85,
and a threshold flow of 0.1, ratio to peak.

Use directly.

Before the model is used to predict hypothetical stream flows, it is calibrated using actual storm events in

the basin.  The model is calibrated using precipitation and stream data from four major storms.  Those

floods occurred on the following dates:

May 10-16, 1981
July 16-21, 1982
May 20-29, 1996
June 19-27, 1997

The model is optimized so that the output hydrographs reproduced the observed storm hydrographs as

accurately as possible.  The model is further adjusted so that the computed discharges for the 10-, 50-, and

100-year precipitation events are similar to those computed by a frequency analysis of the stream gage

records.  A more detailed description of the calibration methodology is presented in Appendix A.

It is possible to predict flood flows at various locations once the model is calibrated.  Floods which are

expected, on average, to be equaled or exceeded once every 10-, 50-, 100-, or 500-year period  (recurrence

interval), are modeled.  These events, commonly termed the 10-, 50-, 100-, and 500-year floods, have a 10,

2, 1, and 0.2 percent chance, respectively, of being equaled or exceeded during any year.
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The 10-year, 50-year, and 100-year rainfall amounts for this area used in the model are 4.0”, 5.5” and

6.0,” respectively.  These rainfalls estimates are found in “Computing Flood Discharges for Small Ungaged

Watersheds” by Sorrell and Hamilton2.  The model results are listed in Table 3.

Table 3.  Predicted discharges for major flood events with current landuse in the Macatawa River watershed

Sub-
basin

Location Area
(mi2)

10-yr
flood
peak
discharg
e
(cfs)

10-yr
time to
peak
(hours)

50-yr
flood
peak
discharg
e
(cfs)

50-yr
time to
peak
(hours)

100-yr
flood
peak
discharg
e
(cfs)

100-yr
time to
peak
(hours)

8-1 Upper Macatawa
River

18.5 1300 16.25 2100 16.0 2500 16.0

8-2 Trib. To
Macatawa River

24.8 2700 11.25 4500 11.25 5400 11.25

8-3 South Branch
Macatawa River

23.5 1600 11.75 2600 16.5 3000 16.5

Junction 1 Macatawa River
Just downstream
of gage
#410880

66.8 4700 14.5 7600 14.25 8900 14.0

8-5 Local inflow to
Macatawa River
downstream of
gage #410880

1.3 900 6.3 1400 6.5 1600 6.5

8-6 North Branch
Macatawa River

18.7 1300 17.0 2100 17.0 2500 17.0

Junction 2 Macatawa River
Just downstream
of N. Branch
Macatawa R.

86.8 6100 16.0 9800 15.5 12000 15.5

8-7 Bosch and Hulst
Drain

26.2 1400 20.25 2300 20.0 2700 20.0

Junction 3 Macatawa River
Just downstream of
Confluence with
Bosch & Hulst
Drain

113.0 7300 17.00 11800 16.75 14000 16.75

8-8 Macatawa River 19.6 1100 16.75 1900 16.75 2200 16.75

Junction 4 Macatawa River
at the inlet to
Lake Macatawa

132.6 8400 17.75 14000 17.5 16000 17.25

8-9 Pine Creek 17.4 600 19.0 1100 18.75 1400 18.5
8-10 Lake Macatawa 24.5 1800 12.0 3250 12.0 3900 12.0

Junction 5 Outlet  to Lake
Michigan

174.5 10000 17.25 17000 17.0 20000 16.75

*Flows listed at Junction 5 are not accurate as no reservoir routing was used to account for the storage effects of
Lake Macatawa.
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V.  Proposed Flood Control Measures

A stream gage is located on the main branch of the Macatawa River at State Road, just downstream from

the confluence with the South Branch of the Macatawa River.  Three major subbasins of the Macatawa

River watershed are located upstream of the USGS Gage #04108800.  More than forty percent of the

runoff volume over the entire basin is contributed by these three upper basins and is recorded at the gage.

The peak flows of each subbasin are experienced at the gage at approximately the same time, resulting in

the largest overall peak discharge possible.  Since the upper basins peak around the same time, the intensity

of the peak discharge downstream can be reduced if the flow from one of the subbasins upstream of the

gage is delayed.  One method to achieve such a delay in flows would be to create a flood storage area in

one of the upper basins.  The hydrologic model can determine how much the peak discharge can be

attenuated and whether the amount of attenuation is significant enough to reduce the impact of flooding.

Field inspection of the three subbasins was conducted to find a location for a proposed flood control

structure.  The goal is to find a location that was situated along the Macatawa River with a drainage area

large enough to significantly impact the peak downstream.  For example, a drainage area of five square

miles contributes such a small percentage of the Macatawa’s total runoff volume, that retention of this

runoff would have little effect on the flood crest.  It is also important that the site chosen for a flood

structure be publicly or governmentally controlled by means of ownership or easement rights.  The County

Road Commission property along the Macatawa River at 84th Street in Zeeland Township appears to be the

site with the greatest potential for this purpose.  (See Figure 5, Photos A and B, as well as plat map

information in Figure 6.)

               

Photo A.  Tributary entering the Macatawa River just                 Photo B.  Ottawa County property and
possible
west of  84th Street         location for a flood storage area

Note:  Cover photo is also a picture of the Macatawa River at the 84th Street Bridge.
Figure 5.  Photos related to a flood water retention area in the vicinity of 84th Street
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Figure 6. Plat map showing property owners along the Macatawa River near 84th Street
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Figure 7.  The topography and natural features near the Macatawa River at 84th Street

The drainage area of the Macatawa River at the location of the proposed structure is 28.6 square miles.  It

includes all of subbasin 8-1 and 10.1 square miles of subbasin 8-2.  The subbasin drainage areas in the

model are adjusted to accommodate modeling this site.  Subbasin 8-1 is changed to include all areas

upstream of 84th street (28.6 square miles) and subbasin 8-2 is changed to include the watershed

downstream of 84th street (14.7 square miles).

The model is used to determine the base 100-year flood flows for each of the three upper subbasins as well

as their junctions using existing conditions, i.e. no flood storage area in place.  The hydrograph of the river

under existing conditions is evaluated and used to design a diversion of flow to the flood storage area and a

routing of the diverted flows back to the river.  From the hydrographs (Figures 9 and 10), it appears that if

the peak of subbasin 8-1 can be reduced to 2000 cfs, the combined peak discharge of the upper three basins

will be substantially reduced.  Thus, when the flows in the Macatawa at 84th Street reached 2000 cfs,

which corresponds to a specific stage, the flow above that level would be diverted into the flood storage

area.  The storage area can hold approximately 1000 acre-feet assuming an average depth of 10 feet over

84
th
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the 100 acres.  Flow is routed from the storage area back to the river through a proposed 3-foot culvert.

The outflow from this size culvert keeps the retention area from overflowing while simultaneously retaining

enough of the flood volume to reduce the downstream crest considerably.  See Figure 8 for a schematic of

the diversion and flood storage area.  Values for the diversion and reservoir routing (from the flood storage

area) are found in Appendix B, Tables B1 and B2.

Figure 8. Schematic of the Macatawa River watershed with a diversion of flows to a flood storage area
created in subbasin 8-1 in the area of 84th Street
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Figure 9.  100-year flood hydrograph for the Macatawa River at the site of the proposed diversion

Figure 10.  100-year flood hydrograph for the Macatawa River showing the effect of the flood
control area at the proposed diversion site
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The model is run with the diversion and flood storage area at 84th Street.  Figures 9 and 10 show the

hydrographs of the Macatawa River in the area of the gage for a 100-year storm event with and without the

flood storage area.  The flood storage succeeds in attenuating any flows greater than 2000 cfs at the point

of diversion.  As a result, the overall peak discharge is reduced by about 1600 cfs.  Table 4 lists the

expected peak discharges with and without the flood storage area in place along with the resulting flow

reduction:

Table 4. Comparison of peak discharge for 100-year storm, with and without a flood storage area in place

Location Discharge without
flood storage (cfs)

Discharge with
flood storage (cfs)

Reduction of flow
     (cfs)

Subbasin 8-1: Macatawa River
upstream of 84th St.

3800 Not impacted by flood control measures.

Subbasin 8-2: Macatawa River
upstream of South Branch
Macatawa River and downstream
of 84th Street

3200

Subbasin 8-3: South Branch
Macatawa River

3000

Junction 1: Macatawa River
downstream of gage

8900 7100 1600 (18%)

Junction 2: Macatawa River
downstream of North Branch
Macatawa River

11400 9700 1700 (15%)

Junction 3: Macatawa River
downstream of confluence
with Bosch and Hulst Drain.

13800 12100 1700 (12%)

The model indicates that a 100-acre flood storage area with an average depth of 10 feet created in the

County Road Commission property in the vicinity of 84th Street could divert and delay flow, attenuating the

peak discharge by 18%.  Further down the Macatawa River, in the area of the confluence with the Bosch

and Hulst Drain, the peak flows would be attenuated by about 12%.

Another way to analyze the impact of decreasing a storage area on 100-year storm discharges is to compare

the hydrologic model results to the discharge and stage predictions found in the Federal Emergency

Management Agency (FEMA) Flood Insurance Studies (FIS).  Previous hydraulic modeling of the

Macatawa River was conducted in 1988 for FEMA and is available in the City of Holland Flood Insurance

Study.  Data available in this study included peak discharges, water surface elevations, top width of the

channel, and depth at various locations for the 10-, 50-, 100- and 500-year storms.  Using these data and

the information obtained from the HMS model, it is possible to get a relative idea of the effect that the flood

storage area has on flood reduction.  Table 5 shows the FIS information for the various storms compared to
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the HMS results.  A comparison of the discharge data shows that, with a portion of the runoff detained in a

flood storage area, the proposed 100-year storm peak discharge is reduced to the current 50-year discharge.

Table 5.  Comparison of 1988 FIS hydraulic data with current study

HMS MODEL RESULTS FIS HYDRAULIC DATA (EXISTING)
Flood
event

Peak Discharge
(cfs)

EXISTING

Peak Discharge
(cfs)

WITH FLOOD
STORAGE

Peak
Discharge

(cfs)

Water Surface
Elevation

(ft)

Stream
Depth
(feet)

Top Width
(feet)

Junction 1 (FIS Cross section 38135), located downstream of gage 410880
10-year 4,700 598.12 11.62 860.32
50-year 7,100 599.62 14.12 932.57
100-year 8,900 7,100 8,200 600.35 14.85 991.49
500-year 11,000 602.08 16.58 1204.29
Junction 3 (FIS Cross section 21378) located downstream from confluence with Bosch and Hulst Drain
10-year 8,000 592.67 16.59 935.11
50-year 12,100 596.28 20.18 960.35
100-year 14,000 12,100 14,000 597.12 21.02 966.32
500-year 18,700 598.87 22.77 978.58

The impact of a flooding event is most easily appreciated by examining the water depth and the width of the

floodplain.  Reducing peak discharge in a flood event means that the river height is lowered and the flood

waters do not reach as far into the floodplain.  Table 6 shows that the reduction in the height of the river

and expansion into the floodplain is reduced due to the proposed diversion and flood control area.

Table 6.  Impact at Junctions 1 and 2 during the 100-year flood due to placing a flood storage area at
84th Street

Location Decrease in the peak
discharge at each
location (cfs)

Reduction of floodplain
width (ft)

Reduction of water
depth (ft)

Junction 1, located
downstream of gage
410880

1600 60 1

Junction 3, located
downstream from
confluence with Bosch
and Hulst Drain

1700 6 1

In comparing the two junctions in Table 6, it is clear that various locations are impacted to different degrees

depending on the local topography.  For instance, the typography of the cross section at Junction 1 is flat

and allows for water expansion into the floodplain as the river height increases.  In comparison, Junction 3 is
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constrained by topography and there is less floodplain area for the flood waters to expand into even with the

same reduction in water depth.  As a result, some locations significantly benefit from reducing peak

discharges during a storm while others may see little benefit from the flood storage area in terms of the

reduction in floodplain width.  All areas show a consistent one-foot lowering of the 100-year floodplain

elevation.  This can be further assessed through detailed, hydraulic modeling of the watershed.

VI.  Buffer Areas

Buffer areas consist of the land adjacent to a watercourse or water body that is vegetated with trees,

shrubs, and groundcovers.  The plants and trees in buffer areas reduce and filter runoff through

interception and surface detention.  They also help to slow down runoff, enabling it to filter into the ground

more easily.  Less runoff reaches the river, reducing the volume that contributes to the flood peak.  The soil

acts as a filter, removing excess nutrients and pollutants and trapping sediments.  Plant materials also

stabilize stream slopes to help prevent erosion.  Buffer areas along a watercourse contribute to improved

water quality and can reduce runoff volume.

The identification of existing buffer areas throughout the Macatawa basin is one of the goals of this study.

GIS applications are ideal for performing such a task, matching land use data with geographic features like

rivers.  For this project, the types of land use that function as a buffer, such as forests, meadows and

wetlands, are obtained from the MIRIS/DNR land use information.

A buffer zone, i.e., the area where buffer land use should ideally be located, is also identified using the

hydrography information for the watershed and locating the limits of the zone 100 feet from both sides of

the watercourses.  Table 7 shows the buffer areas recommended in “The Buffer Handbook” developed

through the State of Maine Department of Environmental Protection.  It is reasonable to define the buffer

zone relative to the normal high-water mark using a setback ranging from 75 to 100 feet.  A setback of 100

feet is chosen because it is a typical distance for this type of buffer zone.

Table 7.  Standards for buffer area setbacks from the normal high water mark of the water

Setback from the normal high water mark Type of water body
100 feet Lakes
100 feet Ponds greater than 10 acres
75 feet Other waterbodies, streams or wetlands
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Land use that acts as an appropriate buffer within the buffer zone is identified in Figure 11.  In most of
these segments the full extent of the buffer zone, from the water’s edge to the limit of the setback, is
vegetated.  However, there are some areas of the buffer zone where only a portion of 100-foot setback
contains a vegetative buffer.  About 30% of the length of all the watercourses in the watershed contains
some degree of buffering with most of it being central hardwood forest.  Table 8 shows the types and
percentage of land use in the buffer zone that currently serves as a buffer for runoff in the waters of the
Macatawa basin.

Table 8.  The type of buffer land within 100 feet of the Macatawa River and tributaries

Land use
Per cent of
Buffered
Land

Shrubland 1.5
Shrub/scrub wetland 5.6
Outdoor recreation 3.2
Lowland Hardwood 12.5
Herbaceous 2.3
Pine 2.7
Emergent Wetland 0.4
Central Hardwood 71.5
Aquatic Bed Wetland 0.1
Wooded Wetland 0.2

The Macatawa Watershed Project report3, a study concerning phosphorus reduction performed by the

Macatawa Area Coordinating Council in 1998, recommends enhancing the buffer areas along local

watercourses and adding additional vegetative strips wherever possible.  The report identifies erosion and

phosphorous loading of the Macatawa River as specific problems.  It proposes imposing a voluntary

phosphorus limit as a nonpoint source pollution reduction goal.  Achieving this goal requires the

implementation of various land use and management practices such as improving the buffer areas along the

watercourses.  The report also points out that since 70% of the land use of the Macatawa Watershed is

agricultural, farmers should play a greater role in this endeavor.  Figure 11 shows the location of the

agricultural areas relative to the unbuffered segments of the rivers.
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Figure 11.  Buffer zones and buffer areas along the Macatawa River

(Contact the number on page 19 if you would like a larger, more detailed version of this map.)
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VII.  Summary

Flooding causes major problems in the Macatawa Watershed.  The largest floods occurred in 1981,

1982, 1996, and 1997.  The MDEQ conducted this study in order to evaluate ways to minimize the

impact of the floodwaters on persons and property in this area.  One of the goals of the study is to

look at the possibility of using a flood storage area somewhere in the basin to retain water during

flooding events to attenuate the peak discharges and lower the crest.  Buffer zones are also evaluated

with regard to the amount of existing buffer area and its location throughout the basin.

A hydrologic model is used to predict peak discharges at various sites throughout the watershed for

major flood events.  The evaluations are first made for the basin with its existing configuration and

land use.  Next, a proposed 100-acre flood storage reservoir is added to the basin model.  This

reservoir is located on the main branch of the Macatawa River in the area of 84th Street in Zeeland

Township.

The model demonstrates that a flood storage area of this size would reduce the impact of a 100-year

storm to what is now experienced by a 50-year storm.  The river’s crest could be reduced by one foot

and the expansion of the flood waters into the floodplain could be reduced by 60 feet or more in some

areas.

This preliminary study on flood control measures indicates that further exploration of this subject has

some merit.  The additional work should include a hydraulic analysis of the watercourses in the basin

during major flooding events.  Flood storage should be included in the analysis to evaluate stage

reduction throughout the basin.  This information could be used to generate floodplain maps in

conjunction with available information on existing structures and sites prone to flood damage.  GIS

methods would be ideal for this work using digital elevation maps for the specific areas of flood

coverage, superimposing elevations and floodplains on maps including structures to identify areas

that could potentially be damaged by flooding.  An economic evaluation should be performed to

compare the costs of developing flood storage areas to the economic impact of flooding events.  The

economic analysis would also be useful in determining the feasibility of buying out or rehabilitating

any flood prone sites if FEMA funds become available.

An initial identification of buffer areas also shows that 70% of the riverfront is not currently buffered

in any way.  These are areas where property owners can be encouraged to plant vegetative strips.
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There are a number of measures that can be used to reduce the impact of flooding and improve water

quality.  The area has already received much attention and study and local communities have

demonstrated interest in taking responsibility to protect and improve the watershed.  There is every

reason to believe that much can be accomplished if the communities and related groups and agencies

work together.

________________________
1 Hydrologic Modeling System (HEC_HMS), Version 1.1, 1999. Hydrologic Engineering Center.  U.S.
Army Corps of Engineers.

2 Sorrell, R.C. and Hamilton, D.A. 1991.  Computing Flood Discharges for Small Ungaged Watersheds.
Michigan Department of Natural Resources Land and Water Management Division.  Lansing, MI.

3 Higgins, S. and Kosley, K. 1998.  The Macatawa Watershed Project.  Phosphorus Reduction Strategy for
the Macatawa Watershed.  Macatawa Area Coordinating Council.  Holland, MI.

For information related to this report, please contact the following individual at DEQ:

Dianne Holman, P.E.; Environmental Engineer
Hydrologic Studies Unit, Land and Water Management Division
Michigan Department of Environmental Quality
P.O. Box 30458
Lansing, MI 48909-7958
Phone:  517-241-8131
Fax:  517-373-9965
e-mail: holmand@state.mi.us

The Water Management Section (WMS) of the DEQ’s Land and Water Management Division provides the public
and other governmental agencies with data related to Michigan’s watercourses.  Included in this data are flood
volumes, flood elevations, drainage areas, low flow volumes, and stream gage information.  The information is
used by others for engineering design work as well as “in house” for performing evaluations of watersheds and
watercourses.  The Nonpoint Source Grant for this project enabled the Section to improve its GIS and modeling
capabilities, thereby upgrading data sources, methods, and personnel expertise that will be beneficial for other
future studies of this nature.



Appendix A – Calibration Data



Calibration.  The watershed model was calibrated using precipitation data from four major storm events

and the observed stream gage data recorded at the time of these storms.  The rainfall data was obtained

from the National Oceanic and Atmospheric Administration (NOAA).  The hourly data of the Grand

Rapids, Kalamazoo, and Allegan precipitation gages were used to approximate the rainfall distribution for

each of the four storms based on the storm direction.  The Holland daily precipitation amounts were used to

estimate the total rainfall for each storm upstream of the USGS Gage #04108800 located five miles west of

Holland.  The Holland total was used with the hourly rainfall curve.  This method for obtaining the rainfall

distribution at Holland was used because there was no hourly precipitation data available.

The initial parameter values, such as time of concentration and curve number, were adjusted until the

model discharge volumes and the observed discharge volumes were the same and the model and observed

hydrographs visually appeared similar.  The optimal parameter values used for the four storm events were

similar but not exactly the same, as would be expected, so the curve numbers, times of concentration, and

storage coefficients were averaged to establish initial calibrated parameters.

The initial calibrated model was then used to generate peak flows, time to peaks, and volumes for the 10-,

50-, 100-, and 500-year (statistical) storm events.  Rainfall-duration values were taken from the Type II

rainfall distribution.  The 10-, 50-, 100-, and 500-year rainfall amounts were obtained from rainfall maps

in the MDEQ’s publication, “Computing Flood Discharges for Small Ungaged Watersheds.”

Final adjustments were made to the parameter values so that the results could be used in the Log Pearson

analysis.  Table A1 lists the output from the calibrated model for the various observed and statistical

storms.  Since the calibrated model was adjusted to best characterize all of the storm events, no specific

event will be represented exactly.



 Table A1.  Gage and precipitation data

OBSERVED DATA (PRECIPATION AND GAGE)
Date of Storm Storm

Direction
From

Hourly
Precipitation
Gage Used

Precipitation Peak Discharge

Hourly
Gage

Holland
Gage

Used in
HMS
Model

At gage
#0410880

(cfs)

From HMS
model
(cfs)

May 10/11, 1981 West Grand Rapids 6.5” 5.04 6.5 7200 6924
(CN=70)

July 17, 1982 Northwest Kalamazoo 5.2” 8.0 5.8 4600 6904
(CN=66)

May 20, 1996 West Grand Rapids 3.2” 4.3 4.3 4300 5760
(CN=79)

June 20, 1997 Northwest Allegan 6.0” 4.9 4.9 8800 10271
(CN=77)

HYPOTHETICAL STORM EVENTS
Storm Frequency Expected

Rainfall
Amounts

Log Pearson
Discharge Estimates
(cfs)

HMS Discharge
Estimate (cfs)

Time to
Peak from
beginning of
rainfall

10% Frequency – 10-Year Flood 4.0” 4900 4700 14.5
2% Frequency – 50-Year Flood 5.4” 7800 7600 14.25

1% Frequency – 100-Year Flood 6.0” 9200 8900 14.0

0.5% Frequency – 200 Year Flood 11000 10000 14.0

.

Table A2.  Final parameters used in the Macatawa basin model after calibration

Basin ID Curve Number
CN

Time of
Concentration

tc

(hours)

Storage Coefficient
R

(hours)

8-1 79 10.5 9.4
8-2 78 5.5 4.9
8-3 79 11.0 9.9
8-4 83 2.6 2.3
8-5 83 0.7 0.6
8-6 81 11.4 10.2
8-7 79 14.6 13.1
8-8 75 11.1 10.0
8-9 68 12.9 11.6

8-10 72 6.2 5.6



Precipation
May 10/11, 1981

(NOAA)

Holland Rainfall: 5.04”

date time hourly rainfall (Grand Rapids)
5/10/81 1:00 0.01

2:00 0.02
3:00 0.05
4:00 0.12
5:00 0.1
6:00 0.04
7:00 0.1
8:00 0.19
9:00 0.21
10:00 0.2
11:00 0.21
12:00 0.14
13:00 0.26
14:00 0.13
15:00 0.18
16:00 0.17
17:00 0.13
18:00 0.17
19:00 0.14
20:00 0.19
21:00 0.21
22:00 0.16
23:00 0.21

5/11/81 0:00 0.19
1:00 0.25
2:00 0.24
3:00 0.2
4:00 0.48
5:00 0.43
6:00 0.39
7:00 0.31
8:00 0.28
9:00 0.2
10:00 0.2

total 6.51



Precipation
June 16/17, 1982

(NOAA)

Holland Rainfall: 8.0”

date time hourly rainfall (Kalamazoos)
7/16/82 20:00 0.1

21:00 0.1
22:00 0.1
23:00 0.1

7/17/82 0:00 0.1
1:00 0.1
2:00 0.1
3:00 2.8
4:00 1.4
5:00 0.3

total 5.2

Precipation
May 20, 1996

(NOAA)

Holland Rainfall: 4.29”

date time hourly rainfall (Grand Rapids)
5/20/96 0:00 0.04

1:00 0
2:00 0
3:00 0.02
4:00 0.04
5:00 0.06
6:00 0.09
7:00 0.02
8:00 0.07
9:00 0.03
10:00 0
11:00 0
12:00 0.55
13:00 0.86
14:00 0.24
15:00 0
16:00 0.02
17:00 0.02
18:00 0.59
19:00 0.3
20:00 0.13
21:00 0.05
22:00 0.03

total 3016



Precipation
June 20, 1997

(NOAA)

Holland Rainfall: 4.9”

date time hourly rainfall (Grand Rapids)
5/10/81 11:00 0.00

12:00 0.30
13:00 0.20
14:00 0.00
15:00 0.00
16:00 0.00
17:00 0.00
18:00 0.00
19:00 0.00
20:00 1.10
21:00 2.40
22:00 0.90
23:00 1.00
0:00 0.10

total 6.00



Appendix B - Flood Storage Area



Table B1.  Specifications for diverting stream flow
from the Macatawa River to a storage area at 84th Street

Inflow (cfs) Diverted Flow
(cfs)

1020 0
1265 0
1540 0
1840 0
2180 180
2550 850
2960 960
3400 1400
4400 2400
5000 3000
5500 3500

Table B2.  Specifications for routing flows
from storage area back into Macatawa River

Storage (acre-feet) Outflow (cfs)
0 0

100 44
200 62
300 76
400 88
500 99
600 108
700 117
800 125
900 132
1000 139
1100 146
1200 152



Appendix C – Holland Sentinel Articles


















